A study of the genus Sansevieria based on gross morphological variation and enzyme electrophoresis was carried out to delimit the Sansevieria taxa that occur in Zimbabwe and to elucidate evolutionary relationships that exist in the genus. The study was based on living specimens from the wild and those in cultivation at the National Botanic Garden (Harare). Eight species S. aethiopica, S. hallii, S. hyacinthoides, S. kirkii, S. pearsonii, S. singularis, S. stuckyi including one new species Sansevieria sp. A were delimited. Isoenzyme data showed that in spite of the great variation observed in the genus, a close relationship existed between the Sansevieria species, suggesting high reticulate crossings among the ancestral groups. The study highlighted the importance of rescuing members of the genus growing in the wild from over exploitation by local communities, that has resulted in certain species like S. stuckyi and Sansevieria sp. A becoming locally extinct. By highlighting the diversity in species and habitat preferences in the wild, this study contributes to the field of horticulture an avenue through which wild Sansevieria species can be introduced into cultivation as ornamentals, thereby ensuring their sustenance.
Introduction
Sansevieria is a genus of xerophytic perennial herbs occurring in dry tropical and subtropical parts of the world. It consists of about 70 species with a distribution ranging from Africa through Asia to Burma and the islands of the Indian Ocean (Purseglove, 1972; Alfani et al.,1989) . Sansevieria is known variously as bow-string hemp, snake plant, zebra lily, mother in law's tongue, cow tongue, leopard lily, devil's tongue, good luck plant, etc. (Turril, 1959; Cutak, 1966; Graf, 1963; Agnew, 1974; Pfennig, 1979; Everett, 1982; Koller and Rost, 1988) .
Members of Sansevieria are of great economic importance as ornamentals, as a source of fibre and as medicine for curing different ailments. Sansevieria species are among major foliage ornamentals mainly due to the variegated and mottled leaves (Roy, 1956; Nazeer and Khoshoo 1984; Bos, 1998) and the interesting wide variation in leaf shape. Sansevieria trifasciata Prain. is the most common species found cultivated in gardens or pots, particularly S. trifasciata var laurentii (De Wild.) N.E.Br. The mottled, erect and stiff leaves of Sansevieria are used a great deal in artistic flower arrangements. Sansevieria are a source of white strong elastic fibre commonly used in the manufacture of rope, fishing lines, cordage, fine matting, bowstring, and clothing (Gangstad et al., 1951; Everett, 1982) . In addition, Leighton (1917a Leighton ( , 1917b and Hill (1952) stated the use of Sansevieria fibre in making fine paper. Sansevieria species are also used for a variety of medicinal purposes through out the genus' geographical range. Figure 1 shows the location of Zimbabwe in Southern Africa and all the known localities of Sansevieria in Zimbabwe.
The specific aims of the study were to study the gross morphological variation patterns in the Sansevieria taxa of Zimbabwe, delimit all the taxa that occur in Zimbabwe and to study the phenology and molecular biology of the Sansevieria taxa in order to elucidate evolutionary relationships.
Materials and methods

Herbarium, fieldwork and morphological studies
Information on habitat, ecology, growth-habit and distribution was obtained from herbarium studies at the National Herbarium, Harare (SRGH), National Botanical Institute, Pretoria (PRE), Royal Botanic Gardens, Kew (K) and the British Museum (BM). Fieldwork was carried out all around Zimbabwe during the periods December 1996 to March 1997, November 1997 to March 1998 and January to February 1999. The plants collected during the field studies and the Sansevieria populations cultivated in the Botanic Garden formed the basis of the morphological study. Measurements taken included vegetative characters like phyllotaxy, number of leaves per plant, leaf texture, colour, shape, length, thickness and reproductive characters like inflorescence type, raceme and perianth tube lengths. Collections were made from a total of 114 localities countrywide.
Isoenzyme analysis
Tissue preparation and electrophoretic procedures followed methods modified from Morden et al., 1987) , Wendel and Weeden (1989) and Borgen (1997) . Nine enzymes were investigated; Aspartate aminotransferase (AAT), Aminopeptidase (AMP), Glucose-6-phosphate isomerase (GPI), Isocitrate dehydrogenase (IDH), Malate dehydrogenase (MDH), Phosphoglucomutase (PGM), 6-Phosphogluconate dehydrogenase (6-PGD) and Triose-phosphate isomerase (TPI). A 1 cm x 1 cm square area of green tissue from young, tender Sansevieria leaves was crushed in homogenising buffer (50 mM Tris-HCL buffer, pH 7.5). Seven to ten drops of the homogenising buffer were used. The succulent and fibrous nature of Sansevieria tissue necessitated use of sand grains to facilitate the homogenising process. An electric macerator was used to finely homogenise the tissue in the buffer. Care was taken in each case to store the homogenised tissue and the buffer in ice to prevent denaturation of the enzymes. The homogenates were absorbed onto paper wicks and applicated on 12.4% starch gels (3% sucrose). Electrophoresis was run at 4 o C. A total of 88 Sansevieria specimens were analysed.
Morphological data analysis
Both clustering and ordination analyses were performed on the morphological data set using the SPSS 7.0 statistical programme (Norusis, 1988) . The two methods permitted a comparison among the groups resulting from the analysis. A phenogram was constructed using the unweighted pair-group method analysis (UPGMA) (Sneath and Sokal, 1973) . Squared Eucledian Distance was applied as the similarity / dissimilarity measure.
Results
Field observations
Common Sansevieria habitats included termite mounds, riverbanks and rocky outcrops. Some species grew in clumps at bases of trees. In some rare cases S. pearsonii was found growing as epiphytes on Colophospermum mopane tree trunks, throwing some aerial roots towards the ground or with the roots penetrating through the woody tissue of the tree. Plants that grew in the shade appeared thin and etiolated. In S. aethiopica and S. hyacinthoides the green and light green variegations on the leaves were distinct in plants that were growing in full sun, while those growing in the shade had very faint bands or none. Table 2 summarises the variation in the number of leaves, shape, leaf texture; colour and phyllotaxy observed in the Sansevieria taxa in Zimbabwe.
Leaf characters
Phenology in Sansevieria
Seven Sansevieria species; S. aethiopica, S. hallii, S. hyacinthoides, S. kirkii, S. singularis and S. stuckyi flower between November and March, while S. pearsonii flowers between June and October. All the species produce cream flowers with a pink or purple tinge. Individual flowers have six perianth segments fused into a tube. The perianth segments curl backward at anthesis, and in the process increase the distance between the pollen and the stigma. The flowers emit a strong scent and each opens for only one night after which it shrivels. The flowers generally open in the late afternoon around 15.00 hours and close in the early hours of the following morning around 07.00 hours suggesting pollination is by nocturnal insects.
Multivariate analyses
The dendrogram obtained from the cluster analysis shows two main groups separated by a square Eucledian distance of 0.515 (Figure 2) . One group is comprised of species S. hyacinthoides and S. aethiopica while the other is comprised of S. kirkii, S. hallii, S. stuckyi, S. pearsonii, S. singularis, Sansevieria species A and S. singularis. Generally the taxa cluster at relatively low Euclidean distance values with the largest Euclidean value of 0.515 and the rest at lower values. A canonical discriminant function analysis performed on the same data set confirmed the eight distinct groups corresponding to the taxa S. kirkii, S. hallii, S. stuckyi, S. pearsonii, S. singularis, Sansevieria species A and S. singularis (Figure 3 ).
Isoenzyme analysis
The six isoenzymes: AAT, GPI, IDH, MDH, PGM and TPI gave interpretable results. The phenotypic patterns obtained showed that all Sansevieria taxa are rather closely related, with S. pearsonii in a somewhat distinct position, having unique alleles in the isoenzymes IDH and PGM.
Discussion
Etiolation of species growing under shade suggests that the sun is essential for the development of variegation in S. hyacinthoides as evidenced by the near absence of variegations and the etiolation of the Sansevieria populations that grew in the shade.
Sansevierias mainly reproduce vegetatively by means of rhizomes and they can also be easily propagated through leaf cuttings. The protogynous Sansevieria flower indicates that the stigma presents itself for pollination by pollen from neighbouring flowers or from flowers of other plants in the population while the anthers from the same flower are still enclosed inside the perianth tube. The reflexing of the tepals during anthesis, and the spreading of the stamens in the process, increases distance in space between the pollen and the stigma excluding contact between the stigma and stamens of the same flower, suggest that Sansevieria is predominantly outcrossing.
Field studies on the genus Sansevieria in Zimbabwe revealed that Sansevieria species are among threatened taxa, the prime causes being habitat destruction as land is cleared for agricultural purposes, and overexploitation of members of the genus by local communities, mainly for fibre and medicinal use. Sansevieria species A last collected from eastern parts of Zimbabwe in 1962 could not be found in the wild as the previously known habitats have been turned into coffee plantations. Following this study, a description of Sansevieria species A has been written (Takawira, 2000) and recommendations have been made for this species to be added to the Red Data List of Zimbabwe.
The isoenzyme systems investigated (all except AAT) gave a higher number of bands than those expected for diploids. The band patterns obtained for GPI, IDH, MDH, PGM, and TPI show fixed heterozygosity, strongly indicating allopolyploidy (Kephart 1990 ). The undescribed species (Sansevieria species A) appears to be the most closely related species to S. hallii on the molecular level, a surprising result, considering the morphological differences between the two taxa. The close similarity observed between band phenotypes of the different species, combined with the evidence of allopolyploidy, could be an indication that reticulate evolution took place at an early stage during the evolution of the genus.
Conclusion
The genus Sansevieria in Zimbabwe is represented by eight species: Sansevieria aethiopica, S. hallii, S. hyacinthoides, S. kirkii, S. pearsonii, S. stuckyi, S. singularis and an undescribed species, Sansevieria species A. The study highlights the degree of variation found in the genus and poses a challenge for ornamental plant breeders to exploit the wide range of Sansevieria species that grow in the wild. The wide variety of Sansevieria species has potential for new markets when fully exploited and will provide the consumer with a wider range of Sansevieria species to choose from. Commercial cultivation of Sansevieria as ornamentals will go a long way in rescuing members of the genus Sansevieria from extinction. It will also ensure conservation of a genus with great prospects in medicine and fibre production before the species are overexploited to extinction. 
